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ABSTRACT
This pamphlet, replacing an earlier edition with the

same title, reviews the research related to science instruction in
high schools with reference to its implications for teaching.
Recommendations for particular teaching methods are made when the
evidence is strong, and, where it is weak, implications of the trends
discerned are stated, and teachers are advised that particular
techniques may be advantageous. Topics reviewed include the use of
instructional objectives; the nature and utility of advanced
organizers and learning set; the nature of teacher behavior in the
new science programs; the use and effectiveness of a variety of
instructional methods and materials; and methods of developing
scientific skills and inquiry techniques. Comparative studies of
alternate courses in relation to creativity; affective, conceptual,
factual, scientific understanding; and critical thinking outcomes are
reviewed separately. Fifty-six citLtions are made in the bibliography
which includes entries published from 1951 to 1969. Most entries are
from 1963 to 1969. (AL)
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EXPLANATION

This booklet, written by John J. Koran, Jr., assistant professor of
curriculum and instruction and science education, The University
of Texas, Austin, completely replaces the version by J. Darrell Bar-
nard, 'aF,t issued in April 1968. Professors -'aul De Hart Hurd of
Stanford University and Fletcher G. Watson of Harvard University
provided critiques of Professor Koran's preliminary materials and
made helpful suggestions. Suggestions were made also by staff
members of the National Science Teachers Association, the As-
sociation of Classroom Teachers, and the NEA Publications Divi-
sion. Although these suggestions were carefully considered, the
author is responsible for the text in its present form.

Copy editing and editorial production were handled by Mrs.
Kirsten Gardner of the Publications Division.
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TEACHING HIGH SCHOOL SCIENCE

INTRODUCTION

Science instruction and research in science education have un-
dergone tremendous change since 1957, when the Russians
launched Sputnik I. The challenge which this achievement repre-
sented to Anerzsrican education was met by the development of new
curriculums in the schools. In the field of high school science a
number of national curriculum groups were established to develop
a wide range of contemporary science curriculums. Project Physics,
Biological Science Curriculum Study (BSCS), Chemical Education
Materials (CHEM Study), and Earth Science Curriculum Project
(ESCP) are a few such new science curriculums. In addition, re-
search in science education proliferated.

Early studies during this period attempted to compare new cur-
riodums with those already in use, specific materials with alterna-
tives, and alternative teaching strategies. Perhaps more significantly,
these studies attempted to identify curriculum -related behaviors of
science teachers and to correlate these with changes in the behavior
of students. During this period there has also been an attempt to tie
a plethora of teacher, student, and curriculum variables together
through correlational studies. The results have been a multitude of
studies stemming from an atheoretical base and contradictory or, at
best, inconclusive findings. A major problem is that it is difficult, if
not impossible, to generalize from studies which fail to describe
clearly what is meant by terms such as inductive teaching, BSCS
teaching, or the historica/method. Without the universal adoption
and use of operational definitions in research it is difficult to build
theories of instruction or learning in science. Consequently, this
booklet will describe the territory of research relevant to science
instruction, but draw few conclusionr. It is necessary to look at cur-
riculum innovations, materials, and techniques with some scepti-
cism. The generalizations which follow should be tested in
individual classrooms, under conditions and circumstances which
can be clearly identified and described. In short, it is hoped that this
booklet will be fruitful in suggesting useful types of materials and
procedures to test in the classroom. The following discussions are
not necessarily intended as solutions.

3
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In the final analysis the science teacher is the researcher who
counts. He is working directly with students and curriculums, and
probably is in the best position to test the effects of teaching strate-
gies, media, and the like on student learning. Moreover, of all sub-
ject area teachers the teacher of science seems particularly suited to
engage in hypothesis making and testing and evaluation of data (11).

The development and testing of curriculum materials is a diffi-
cult area to study and one in which outcomes are tempered by
the inability of the researcher to control variables, such as teacher
behavior and random assignment, and at the same time to mea-
sure relevant student learning. The teacher is in a position to do
this on a limited scale and to provide systematic feedback to
curriculum developers while they are developing or revising
materials. For instance, we need to know the effects of subsets of
materials with different kinds of students. We also need to know
the effects of certain combinations and sequences of instruction
and materials. By subdividing his classes and testing limited hy-
potheses the science teacher can be a vital aide and experimenter
in this quest for knowledge. It is no longer practical or wise to
justify the production or existence of instructional materials on
the basis of teacher and student happiness.

Each day teachers decide to teach in certain ways. They vary
their use of materials according to some intuitive notions about
what will be successful and effective. It is necessary to systematize
this to the point that we can test in the classroom sequences of
content, combinations of content and media, andof extreme
importanceteacher behavior in connection with various materi-
als. With the advent of improved research in science education
and increased teacher participation in research on teaching and
learning science, future editions of What Research Says to the
Teacher of Science should become much more definitive.

GOALS OF SCIENCE INSTRUCTION

In the past, science instruction consisted of communicating a
large body of facts and conclusions to students and providing the
opportunity for verification of them in the laboratory. Examina-
tion of textbooks and laboratory materials in use prior to 1957 in
biology, chemistry, and physics indicated that much of the factual
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material was outdated and that the laboratory materials and
procedures did not reflect the nature of scientific exploration. As
knowledge continued to multiply, it became apparent that science
instruction should emphasize unifying themes in each of the disci-
plines and that laboratory experiences should prepare students to
acquire and process knowledge about their surroundings. Stu-
dents must be prepared to assume a role in an intellectual and
cultural environment characterized by rapid change. Educators
concluded that if science instruction were modified to correspond
more closely with the structure and nature of science, students
would gain the skills a rapidly changing society needed.

Briefly, the structure of each of the science disciplines
biology, chemistry, physics, and geologyis made up of facts and
concepts or generalizations which can be organized into concep-
tual schemes or themes. The procedure through which basic con-
cepts and conceptual schemes are acquired and understood is
frequently referred to as inquiry, or the active engagement in
certain scientific processes. Although the discipline may vary and
consequently the basic concepts and some of the conceptual
schemes as well, the scientific processes or inquiry activities
through which knowledge in science is acquired remain relatively
stable. Laboratory experience and the skills acquired through this
experience remain the underpinning of each of the science disci-
plines and a certain orientation students should develop to their
environment. A major goal of contemporary secondary school
science instruction is, then, to arrange conditions in the classroom
and the laboratory so that students may acquire and apply both
the concepts and the methods of science. This approach appears
to provide for greater adaptability to a changing world than did
the earlier programs emphasizing memorization of facts and
procedures and the use of the laboratory to confirm or illustrate
them.

Accordingly, the greatest single change in high school science
may well have been from laboratory experiences which empha-
sized confirmation of given conclusions to more open-ended stu-
dent exploration and explanation. Very few experiences of the
future will call upon skills developed in the former type of labora-
tory. Laboratory experiences should include opportunities for stu-
dents to interpret observations and data, to evaluate their
procedures and the data derived from them, and to attempt to
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derive meaning from these. One cannot fully understand the role
of laboratory activities if experiences are limited to collecting,
summarizing, and reporting data. Students must learn to move
from data to making generalizations to testing these against the-
ory.

To summarize, our present needs call for science instruction
which gives students a conception of the structure of science
and, through experience in the laboratory, a way to think, to
look at the world, and hopefully to change with a changing
world.

INSTRUCTIONAL OBJECTIVES IN SCIENCE

In the largest sense, the goal of science instruction is to pro-
duce scientifically literate persons. Such a person has been de-
scribed in the following way:

6

He has faith in the logical processes of science and uses its
modes of inquiry, but at the same time recognizes both their
limitations and the situations for which they are peculiarly
appropriate.
He enjoys science for the intellectual stimulus it provides, for
the beauty of its explanations, the pleasure that comes from
knowing, and the excitement stemming from discovery.
He has more than a commonsensical understanding of the
natural world.
He appreciates the interaction of science and technology,
recognizing that each reflects as well as stimulates the course
of social and economic development, but he is aware that
science and technology do not progress at equal rates.
He is in intellectual possession of some of the major concepts,
laws, and theories of several sciences.
He understands that science is one but not the only way of
viewing natural phenomena, and that even among the
sciences there are rival points of view.
He appreciates that knowledge is generated by people with a
compelling desire to understand the natural world.
He recognizes that knowledge in science grows, possibly
without limit, and that the knowledge of one generation "en-
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gulfs, upsets, and complements all knowledge of the natural
world before."
He appreciates the essential lag between frontier research and
the popular understanding of new achievements and the im-
portance of narrowing the gap. ...
He recognizes that the achievements of science depend as
much on its inquiry process as on its conceptual patterns and
theories.
He understands the role of the scientific enterprise in society
and appreciates the cultural conditions under which it thrives
(37).
To these characteristics, we might add another important
characteristic:
He recognizes the universality of science; it has no national,
cultural, or ethnic boundaries.

However valuable broadly stated goals as appear above are in
providing a sound philosophical basis for science instruction, such
goals don't provide any information about how the teacher
should perform, what materials and procedures he should use,
and what the student must do or say to indicate achievement of
the goal. In order to act on a goal the goal must be made opera-
tional. If the goal is to recognize that the meaning of science
depends as much on its inquiry process as on its conceptual pat-
terns and theories, some simple and precise instructional objec-
tives leading to this goal would have to be elaborated. For
example:

1. The student will be able to define a theory.
2. The student will be able to describe a concept and discuss

its relationship with other concepts.
3. The student will be able to formulate hypotheses about the

causes of observed phenomena.

0-ce these objectives are identified, the teacher can select ap-
propriate materials, procedures, strategies, and measures to deter-
mine when the student has achieved the outcomes thought to
mark attainment of the goal.
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The Nature of Instructional Objectives
An instructional objective should take into account (a) the na-

ture of the performance desired; (b) the instructional conditions
under which the performance will occur; and (c) the way the
performance will be evaluated and the nature of a minimal satis-
factory performance. These factors need not be written down
unless the intent is to communicate them or replicate certain
procedures to achieve the same objective. However, instructional
objectives should be prominent concerns of the teacher as he
chooses between alternate courses of action prior to and during
instruction.

Functions of Instructional Objectives
Instructional objectives function to identify for both the teacher

and the learner in science the expected outcomes of instruction.
They provide a basis for the selection of content and the organi-
zation of materials and experiences by the teacher. They require
that the teacher think of student learning and the goals and objec-
tives of the discipline of science rather than of his own perfor-
mance in the abstract. Instructional objectives provide a basis for
assessing entering and exiting behaviors of students, for individu-
alizing instruction by task, and for classifying both student and
teacher behaviors in terms of higher and lower cognitive and
affective types of behaviors (28). Finally, instructional objectives
provide the basis for a systematic approach to instruction, rather
than the haphazard and random approach sometimes characteris-
tic of science instruction.

Instructional objectives do not provide a panacea for science
instruction. There are many objections to the use of these objec-
tives (3), and equally convincing arguments for their use (41). In
the final analysis, the science teacher will have to weigh the evi-
dence of research and test the use of objectives in the classroom
before reaching a conclusion regarding how objectives will work
for him.

Research Relating to Instructional Objectives
The teacher may well ask: "If I formulate instructional objec-

tives and make them known, will my students achieve more in
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science?" Preliminary evidence from various sources suggests that
the answer is Yes. Two researchers found that a learner will func-
tion better if he is clear as to what he is to learn and how he is
to learn it (33, 44). Simlarly, a third observed that when out-
comes of instruction or the achievement of specific objectives are
emphasized, there is greater achievement (54). If the aforemen-
tioned studies can be generalized to science instruction, it might
be concluded that when a teacher knows what he wants to ac-
complish in science and the performance outcomes are clearly
apparent to his students, the students are likely to learn more than
if the outcomes are vague to both of them. (This should not,
however, be taken to mean that laboratory behavior should be so
rigidly specified that inquiry is eliminated; rather, the acquisition
of laboratory skills for open inquiry constitutes an objective in
itself.)

ADVANCE ORGANIZERS AND LEARNING SET

In connection with specifying instructional objectives, two
procedures are of interest. As a result of considerable research
and theory development in cognitive psychology, a well-known
researcher proposed a construct called an "advance organizer"
(5, 6). He defines this as material, usually written, introduced at
a high level of abstraction, generality, and inclusiveness, which he
feels will facilitate meaningful verbal learning and retention. This
material is introduced before instruction and is thought to provide
a framework within which more detailed materials can be incor-
porated. This framework serves as an anchorage for completely
new material which has not been incorporated into the thinking
structure or for concepts which are related to previously incor-
porated conceptual knowledge. Science educators are interested
in this construct because the science disciplines have definable
structures which undoubtedly have a bearing on the way science
knowledge is assimilated and used for thinking. To construct an
advance organizer a teacher has to "clearly, precisely, and explic-
itly" identify the major generalities which are to serve as the
framework for incorporating new knowledge. This framework
might be provided in outline or prose form to students prior to
instruction. The instruction then would be focused on developing
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the particular information and concepts which the outline sub-
sumed.

A learning set may be considered as a description, prior to
instruction, of what will be taught, how, using what materials, and
why. It also may include a statement of objectives. In a group of
experiments on establishing set in BSCS biology, one researcher
found that students achieve more and consider teachers more
effective when they are advised prior to instruction what is to be
taught and what their responses should be (48). In psychological
literature, learning sets are considered to be the behaviors or
content which must be known prior to acquiring new, related
knowledge. Although learning sets rarely include as systematic
and precise a written or oral set of generalizations as does the
advance organizer, both approaches appear to be useful proce-
dures. Even though the identification, elaboration, and explicit
delineation of advance organizers are difficult if not impossible
tasks for the practicing teacher, when advance organizers are
available or can be developed, their use and the use of sets seems
recommended.

TEACHER BEHAVIOR IN
NEW SCIENCE PROGRAMS

The new curriculumsProject Physics, BSCS, CHEM Study,
and ESCPdeveloped since 1957 are directed toward the
achievement of specific goals of science instruction. (It should be
mentioned that since the quality of the various programs varies,
the success of each in achieving its goals likewise varies.) In all
cases, in order to accomplish goals, curriculum developers have
identified objectives for each of the curriculums. However, a
problem which remains for each of the curriculums once objec-
tives are specified is to develop a model of teacher behavior
which will lead to achievement of these objectives by students. If
the model is carefully derived from the philosophy, rationale, and
objectives of a given curriculum, it should not only be possible to
predict teacher behavior, but also to hypothesize related student
achievement. A number of curriculum developers observe that
there is a tremendous need for this kind of thought and elabora-
tion since the evidence of research suggests that after more than

10
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a decade of curriculum development and teacher education in
science, "it appears that as many as two-thirds of the teachers
using the textbooks of the new curricula are not teaching the
courses in the mode envisioned by the authors" (20). If we can
assume that the teaching mode envisioned by the authors would
enhance student learning of science, this disclosure is certainly a
sad commentary. Science teachers must adopt teaching styles
which are consistent with the nature of science and designed to
elicit the desired outcomes of science instruction. But, the ques-
tion may be asked: What are these styles and how do they con-
nect with student learning?

An early study attempted to derive those characteristics of in-
struction which appear to be prescribed by the BSCS philosophy
and rationale. To accomplish this an initial list of classroom prac-
tices was submitted to BSCS judges, who thereupon identified
characteristics which, in their opinion, contributed either posi-
tively or negatively toward BSCS objectives. The activities that
were finally selected were organized into a student questionnaire.
Recommended practices can be inferred from the following ex-
tracts from the questionnaire:

1. My teacher often asks us to explain the meaning of certain
things in the text.

2. My teacher asks questions that cause us to think about things
that we have learned in other chapters.

3. My teacher often asks questions that cause us to think about
the evidence that is behind statements in the textbook.

4. We students are often allowed time in class to talk among
ourselves about ideas in biology.

5. Classroom demonstrations are usually done by students
rather than by the teacher.

6. if I don't agree with what my teacher says, he wants me to
say so.

7. We often talk about the kind of evidence that is behind a
scientist's conclusion.

8. When reading the textbook, we are always expected to look
for the main problems and for the evidence that supports
them.

9. Our teacher has tried to teach us how to ask questions of
the text.

1 3 .1>
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10. We sometimes read the original writings of the scientists.
11. We are seldom or never required to outline sections of the

textbook.
12. Our tests include many questions based on things that we

have learned in the laboratory.
13. Our tests often ask us to relate things that we have learned

at different times.
14. Our tests often ask us to figure out answers to nm prob-

lems.
15. Our tests often give us new data and ask us to draw conclu-

sions from these data.
16. We spend some time before every laboratory in determining

the purpose of the experiment.
17. We often use the laboratory to investigate a problem that

comes up in class.
18. The laboratory usually comes before we talk about the spe-

cific topics in class.
19. The data that I collect are often different from data that are

collected by other students.
20. During experiments we record our data at the time we make

our observations.
21. We are sometimes asked to design our own experiments to

answer a question that puzzles us.
22. The teacher answers most of our questions about the labora-

tory work by asking us questions.
23. We talk about what we have observed in the laboratory

within a day or two after every session.
24. After every laboratory session, we compare the data we

have collected with the data of other individuals or groups.
25. We are expected to go beyond the regular laboratory exer-

cise and do some experimenting on our own.
26. We have a chance to analyze the conclusions that we have

drawn in the laboratory (25).

A checklist similar to the one previously described but focusing
on laboratory activities was also designed. This checklist empha-
sized such characteristic laboratory activities as (a) investigating
class-derived problems; (b) utilizing the laboratory as a prepara-
tion for classroom learning; (c) identifying the variability of data;

12

14.



(d) recording and interpreting; (e) using teacher probing questions
and cues during laboratory; (f) using laboratory equipment and
experience with graphs, charts, etc.; and (g) relating the labora-
tory experience to the nature of science (8).

In summary, one can infer that (a) there are distinct ways that
teachers and students in the new sciences should behave; (b)
these behaviors can be identified and reliably observed and rated;
(c) the interactions between teacher and student in science can
be more or less consistent with the nature of science and the
goals and objectives of the curriculums which have been devel-
oped; and (d) if teachers utilize certain of the behaviors described
they are likely to elicit different responses from their students than
if they do not use these behaviors. For example, if the science
teacher asks questions which require yes-no answers, he is likely
to get those answers. However, the student's learning no doubt
will be very different from that he gains when the teacher asks for
data interpretation or for hypotheses and generalizations. The
latter questions require students to do and say things that are
more consistent with the goals of modern science. Hence, it is

probable that the resultant learning in this case will be more
appropriate than the learning derived from yes-no questions. This
relationship has yet to be completely investigated, however.

OUTCOMES OF INSTRUCTION

Factual and Conceptual Outcomes
There is a mass of research which has been directed at compar-

ing the effects of new curriculums with so-called traditional cur-
riculums. For the most part the research is inconclusive.
However, it does appear that one could say that the new and
traditional instructional materials contribute equally well to stu-
dent growth as measured on fact- or concept-oriented tests.

Understanding of Science and
Critical Thinking Outcomes

New curriculums, if they have an advantage across the board,
could be said to positively influence such things as critical thinking
ability and understanding of the nature of science and scientific

13



inquiry. (The effects of the latter curriculums are influenced pro-
foundly by how they are taught and what outcomes are empha-
sized.) Outcomes in these areas are generally thought to be
among the most important for science instruction. In practical
usage, the understanding of science refers to a wide range of
things, including being able to des( ibe the influence of science
on society, to being able to use ce,tain methods and procedures
in the laboratory to solve problems. Studies which attempt to
measure achievement of these outcomes suggest that if a teacher
uses a problem-solving method either in lecture or laboratory he
is likely to I-'ghlight problem-solving skills and strategies and
thereby positively influence the acquisition of these skills by stu-
dents. The problem-solving approach frequently is defined as em-
phasizing stepwise analysis of discrepant events, teacher
presentation of examples, student attempts at the development of
generalizations, and inductive and open-ended strategies. It ap-
pears, however, that the information-giving approach produces
an equivalent amount of content learning as does the problem-
solving approach.

Studies exploring BSCS biology and various methods of teach-
ing it revealed that those classes using BSCS materials and em-
ploying practices advocated by BSCS had significantly greater
gains in pupil understanding of the nature of science, as measured
by the Processes of Science Test (POST), than two other groups
(24).

One study of BSCS materials concluded that laboratory experi-
ence emphasizing the development of particular skills was effec-
tive in developing skill with laboratory materials and procedures.
Measures of achievement in the areas of content and critical
thinking were not significantly different between the laboratory
and nonlaboratory demonstration groups (56). In another study
the same researcher varied the emphasis of the teacher in the
classroom by varying the number of references used with the
same laboratory approach. He found that a multireference labora-
tory approach was more effective in developing critical thinking
in students than a single reference (textbook) laboratory ap-
proach. Similarly, a rr, Jltireference approach produced greater
understanding of science. Both approaches do equally well in
developing a mastery of the major concepts and facts of biology
(55).

14
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A study comparing manipulative versus nonmanipulative ap-
proaches to Introductory Physical Science (IPS) found no signifi-
cant differences in terms of student progress in critical thinking
skills, understanding of science, and conceptual knowledge in IPS.
The manipulative method, which provided greater experience
with laboratory materials and methods, did produce greater ac-
quisition of selected laboratory skills (40).

A study in chemistry attempted to compare inductive-deduc-
tive versus deductive-descriptive approaches to laboratory in-
struction. It is difficult to visualize all of the ramifications of
the treatments, but one would guess that the inductive ap-
proach was less directive, observation-inference oriented and
the deductive approach more directive, with the teacher pre-
senting generalizations and the laboratory used to confirm
these. The results indicated the superiority of the inductive ap-
proach in terms of knowledge of and ability to use the scien-
tific method. This was accompanied by a "positive" scientific
attitude and an increase in the ability to identify proper labora-
tory techniques (10).

Two studies relating to teacher and student questions in class
deserve some consideration here, since most of the new cur-
riculums emphasize certain types of questions as at least part
of the inquiry process. The first study attempted to explore the
types of questions teachers ask in science classes and laborato-
ries and the resulting student understandings. The findings in-
dicated that the students of teachers who ask more critical
thinking questions tend to understand science better. Although
fewer questions are asked when critical thinking is the objec-
tive, as opposed to rhetorical or factual information, critical
thinking questions make greater demands on the student's clas-
sifying and associative powers. One could characterize critical
thinking questions as those requiring students to go beyond
yes-no or fact answers and to analyze, synthesize, or evaluate
ideas and conditions (23).

The second study, on the other hand, investigated the rela-
tionship between teacher behavior and thought-provoking
questions by students. The results were that teachers who
tended to be more indirect appeared to have more students
who asked thought-provoking (or higher level) questions (21).
This seems intuitiveiy reasonable, because a less direct teacher

15
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probably provides more of an opportunity for students to par-
ticipate, and at the same time probably has other behavior
correlates which would contribute to this outcome.

The following conclusions may be derived from the foregoing
discussion of research. If a teacher arranges instructional condi-
tions and formulates his objectives in terms both of knowledge
and process and makes these objectives known to the students
providing the teacher's behavior falls within the acceptable range
of the behavior models described earlierhe probably will pro-
duce positive student change. If the teacher emphasizes the na-
ture of science and the use of the processes of science and critical
thinking in class and laboratory, students are likely to acquire the
skills emphasized. Little or no emphasis on such instructional ob-
jectives is likely to detract from learning of the skills; rather, less
useful skills will be learned. For both critical thinking and under-
standing the nature of science an instructional procedure which
emphasizes laboratory activity appears to be superior to non-
laboratory experiences. Of course, the laboratory experience
must be designed carefully to elicit particular responses and must
be taught in a way which corm =ponds with the objectives of the
science curriculum or the results are likely to be negative. Finally,
teacher questioning appears to be an important component of
science teaching. Students who are challenged to respond to
higher level questions, requiring inference, theory development,
and data analysis, are likely to learn how to think critically. Ac-
cordingly, if a teacher uses higher level questions in a more or less
open atmosphere, students are likely to engage in critical thinking
and, in turn, ask similar questions.

Affective Outcomes
The acquisition of facts, concepts, and particular inquiry skills

represents what are called cognitive learning outcomes, or the
learning of thinking skills. Another important area is affective
learning components, or positive ways to feel or react to the
scientific enterprise and procedures (35).

A 1969 study proposed that scientific process activities required
a frame of reference in the form of an attitude which must be
acquired early in science instruction. An analysis of the literature
in the philosophy of science led to the identification of a number

16

1,8



of attitudinal characteristics which are thought to represent a
"positive generalized attitude toward science." Some of these
characteristics follow:

1. A predisposition to discern the degree in which one per-
son or thing differs from another; a tendency to empha-
size differences.

2. A tendency to challenge authority; to test traditional be-
liefs and outcomes with actual observation and experi-
ence.

3. A readiness to change as changing conditions require; a
multiple and flexible approach to people and things.

4. An ability to differentiate between controlled and reliable
observation as opposed to casual observation.

5. A basic notion that reality is to be regarded as a process
implying continuous change; no two things are exactly
alike; no one thing stays the same.

6. Structure in the form of relations and equations will be
stressed over function; structure, the nature of the phe-
nomenon, the broad unifying principle, is stressed rather
than application or function.

7. Greater concern for research rather than findings; greater
emphasis on the inquiring, the questioning, rather than
the final answers obtained; the form of the question is

considered more important than the answer observed.
8. An emphasis on probability-type explanations rather than

absolute solutions (52).

One outcome of science instruction is to change student
behavior; the other is hopefully to influence attitudes and feel-
ings positively. It is probable that there is an extremely close
positive connection between the two.

A number of studies using various curriculum materials and
methods have attempted to produce attitude change or acqui-
sition of certain attitudes. One researcher, working on the ver-
bal behavior of student teachers in BSCS biology, found that
student achievement and attitude toward science were signifi-
cantly better in classes where the teacher was "indirect" (29).
The various studies also confirmed that attitude could be in-
fluenced by instruction. There are also a number of studies
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which found that attitudes could be influenced by inductive
methods of teaching, laboratory experiences, and problem-solv-
ing experiences.

The critical factor for teachers to bear in mind is that they must
plan as carefully for attitude change as they would for behavior
change. Hence, it is incumbent upon the science teacher to iden-
tify those attitudes which he wishes to influence and then to
design and test various methods to influence them. The achieve-
ment of an affective objective may go further to influence the
permanency of desired behavior than the focus on initial behavior
change alone.

Creativity Outcomes
A group of researchers in the area of creativity and creative

thinking derived some interesting generalizations regarding both
the nature of creativity and possible ways of influencing it. The
following definition of creativity is prominent in current literature,
but by no means is the subject of total agreement: "The creative
child prefers to explore the unknown, rather than to conserve the
already known. He prefers explaining facts in new ways rather
than continuing to rely on traditional well-established explana-
tions; he indulges in adventuresome thinking and raises questions,
rather than being content with things as they are" (12). It is gener-
ally agreed that the creative child is "intellectually curious and
exploratory, taking an active part in manipulating and reconstruct-
ing his environment." Researchers present a number of ways to
foster creativity, based on the assumption that creativity is

learned. They find that an environment that is permissive and
stimulating appears to play an important role in establishing the
conditions for creative output. They also stress that an effort
should be made to acquaint the student with some characteristics
of creative thinking and action. Without this knowledge it is felt
that students have little notion of the nature of creativity, hence
little understanding of how to perform creatively. The following
are part of a repertoire of creative thinking skills: (a) the ability to
recognize gaps in existing information; (b) a facility for formulat-
ing relevant questions; (c) a sensitivity to the demands of the task
so that the student can be an adequate judge of the suitability of
proposed ideas; and (d) a sense of disciplined abandonment. The
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program that was offered for fostering these behaviors was a
general problem-solving program which included the use of hypo-
thetical problems (12).

One is struck by how closely the recommendations of the
group of researchers on creativity parallel procedures which are
thought fundamental to science instruction: Provide the student
with instruction as to the characteristics of the creative act. Pro-
vide an open environment in which the child can operate. Help
the student analyze what he is doing, and perhaps evaluate it.
Provide ample opportunity to be confronted with and to solve
problems. The foregoing suggestions are very similar to teaching
inductively, providing laboratory experiences with scientific prob-
lems, evaluating the products of the laboratory, etc. Accordingly,
it might be argued that at least some of the outcomes of science
instruction are directed at producing a creative approach to one's
environment!

INSTRUCTIONAL METHODS AND MATERIALS

One of the major emphases of present instructional methods
and materials is to individualize instruction. There are a number
of ways to individualize instruction for science students. A way
which is receiving considerable attention in both psychology and
science education is the consideration of student aptitude and the
application of appropriate treatment or modes of instruction and
materials. The aptitude-treatment theory suggests that the optimal
instructional sequence might be arrived at if teachers had specific
information about the cognitive skills of the learnerfor instance,
whether the learner was highly inductive, deductive, or verbally
fluent. The mode of instruction is chosen then to correspond with
these aptitudes (13). Students high in inductive skills might be
taught a certain concept by using an inductive program, while
those high in deductive skills might require a deductive program.
In practice this is rarely done. The closest we come to this ap-
proach is to group students within a class, or to place them in
classes on the basis of mathematics achievement or verbal ability.
On the other hand, many of the new science curriculums, par-
ticularly BSCS and Project Physics (46), have produced a wide
range of instructional materials, such as study guides and text-
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books, laboratory guides, readers, programed instruction materi-
als, transparencies, film loops, home demonstrations, laboratory
blocks, and the like. The intent here is to provide a range of
instructional methods and materials the better to "fit" the differ-
ent levels of interest, rates of learning, and aptitudes of students.
Finally, varying the mode of instruction from large group to
laboratory, small group, and individual work provides an oppor-
tunity for both teacher and student abilities and interests to be
exploited in the instructional situation. Following is a review of
some of the findings and generalizations regarding specific in-
structional methods and materials.

Flexible Scheduling and Team Teaching
A flexible schedule could be defined as a system of arranging

the curriculum and school schedule to provide both blocks of
time and space for large-group instruction, small-group instruc-
tion, independent instruction, laboratory instruction, and the in-
corporation of a multimedia method of instruction. Team
teaching can be described as a cooperative effort among teachers
in a school which brings together resources of communication,
talent, and planning beyond that of the single teacher in the
classroom.

A study conducted in 1963 attempted to determine if teachers
of BSCS biology felt that they could teach the new curriculum
more efficiently and effectively within a flexible schedule. Re-
sponses from the California BSCS tryout teachers indicated that
they, indeed, felt it would be an important aid to effective instruc-
tion, particularly in the laboratory (271. Other studies confirm that
both teachers and students are receptive to team teaching and
modifications of the existing format of instruction. However,
those studies which have attempted to measure the effects of one
or both of these variations on student achievement have found
that neither one produced greater learning than the conventional
schedule and teaching situation.

If team teaching is no more effective than the regular format in
promoting academic achievement, investigators might turn their
attention to attempts to determine whether team teaching is su-
perior in promoting outcomes other than academic achievement.
One researcher pointed out that it seems to have a positive effect
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on teacher morale (39). In a similar way, it may affect affective
components of student learning, such as interest in the subject,
inclination toward autonomy in learning, the acquisition of skills
which contribute to learning to learn, and the like. Consequently,
even though very extensive studies suggest that team teaching is
not more effective than conventional instruction (34), it appears
too early to discount this mode of instruction until a wider range
of possible outcomes of team teaching and modified scheduling
has been explored.

Film Instruction
Films may be used as a part of an instructional system or as the

entire system. Experience has shown that science students in
nonfilm classes either achieved more or equally as much as those
in film classes. Some of the explanations for this are that films
used as the only means of instruction tend to be boring, non-
motivating, and lacking in the characteristics which are commonly
thought to encourage learning. Students in nonfilm classes are
able to ask questions, answer questions, receive reinforcement for
their correct responses, and practice certain types of responses.
Each of these experiences has been found to be necessary, but
perhaps not sufficient for learning. Since students in classes where
films constitute the entire program do not have an opportunity to
do any of the above, it is not surprising that their learning does
not match or exceed nonfilm groups. A general survey of the
literature in this area indicates that film courses alone are not a
good overall instructional method (53). However, the judicious
use of films in combination with other instruction is a promising
instructional procedure. One investigator has pointed out that in
order to derive the most benefit from the use of films as aids to
instruction the teacher should preview the film, provide an intro-
duction or set prior to showing the film, conduct follow-up dis-
cussion of the major points in the film, and, if possible, intersperse
question-and-answer sessions between sections of the film (31). In
general, these suggestions appear to apply equally well to the use
of television in the schools.
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Visual Aids
Films, transparencies, audio tapes, slides, film loops, and pic-

tures can all be used as effective aids to instruction, either collec-
tively or with other teaching rr2thods, to achieve certain
cognitive and affective objectives in science. Studies have shown,
for instance, that pictograms, shaded drawings, and single con-
cept film loops all appear to be effective aids when used as part
of an instructional sequence. When film loops are used, it appears
that a questioning-inductive approach is more useful than an in-
formation dissemination approach. Similarly, hypothesis genera-
tion appears to be facilitated when film loops are accompanied by
questions. It is probable that one could generalize from film loops
to transparencies and slides.

When using any of these aids it seems important that (a) the
teacher clearly define what the performance outcomes of the
instructional system and its parts are to be; (b) the teacher identify
and plan a combination of both teaching strategies and aids to
achieve specific objectives; and (c) the teacher observe student
performance in both the cognitive and affective areas during in-
struction to gather feedback relative to the effects of the se-
quence of materials and the type of aid on different students. An
integrated approach combining teacher presentation with audio-
visual material will undoubtedly produce desired behavior change
in students.

Programed Instruction and
Computer - Assisted Instruction

Considerable interest has been expressed in the areas of pro-
gramed instruction and computer-assisted instruction (CAI) by
science curriculum developers because these developments may
provide a way to individualize instruction, an efficient way to
present certain kinds of content, and an opportunity to control or
at least influence certain aspects of the learning environment.
Both of these instructional programs permit the student to move
at his own rate toward a goal, to move in small steps of gradually
increasing difficulty, to make active responses to the items in the
program, and to find out whether the responses he made are
correct or incorrect. Programs may be of two types: linear or
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branched. In the linear program the learner receives information,
makes a response, and gets feedback. This sequence is repeated
throughout the program. In a branching program a segment of
content is presented, a question asked, and the learner responds.
If his response is correct, the learner moves on. If incorrect, he
is told it is incorrect and is directed to an explanation. Then he
returns to try the same task again. Linear or branching programs
are "generally equally effective" (30). If material is primarily de-
scriptive information that is new to the student, a linear program
appears to be best. If the material to be learned is more complex
and involves reasoning on the part of the student, then a branch-
ing type appears better.

Studies with various curriculum materials have shown that lin-
ear programs were of value in tightly knit subject matter areas in
chemistry connected by logic or arbitrary rules (7). Students were
generally favorable to such programs (43). Programed materials
were effective in teaching a variety of topics, such as chemical
bonding, geometry of molecules, photon theory of light, and
population genetics.

In conclusion, programed instruction and CAI appear to be
valuable aids to instruction for specific types of content, inter-
spersed with other instructional methods, and with certain kinds
of students. As in the case of other media, programed instruction
or CAI as the only mode of instruction would probably induce
boredom and lack of motivation in addition to inefficient learning.
However, when they are used as an integral part of a larger
instructional system they appear to be highly effective in produc-
ing learning of certain types of tasks.

Audiotutorial or Multimedia Systems
The audiotutorial approach to teaching (42) is not a unique

instructional innovation in and of itself. Research cited earlier
suggests that the sensible approach to instruction is the employ-
ment of various media in varied instructional settings to permit
the learner to move at his own pace toward specific instructional
objectives. Multimedia systems provide this opportunity, but are
subject to the same questions that one might ask of other modes
of instruction or teaching aids: What evidence is there of the
individual effects of components of the system, on what behav-
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iors, under what conditions, for what kinds of students, etc.? The
multimedia system, taken as a system, is undoubtedly effective in
achieving certain outcomes because of the sheer power of some
of the subsystems. But at this time resedrch is lacking on the
relative contribution of individual subsystems to overall mul-
timedia systems.

Much of the research reported on the use of an entire mul-
timedia system is encouraging. For instance, researchers with the
Project Physics course point out that such a system "enables the
teacher to spend more time guiding individual students and small
groups since the teacher spends less time teaching and explaining
to the class as a whole" (51). With multimedia systems the poten-
tial for using independent study increases. Teachers using a mul-
timedia approach to the Project Physics course felt that their
students showed more interest in the subject, asked more ques-
tions, and demonstrated deeper understanding in small- and large-
group discussions. The students responded well to the approach
as indicated by gain scores in achievement over a trial unit. in
addition, the teachers felt that they got to know the students
better as their role shifted from purveyor of information to tutor-
guide. Promising results of the type described have also been
noted in other physics programs, earth science instruction, and
biology.

In conclusion, it appears that the multimedia approach to in-
struction, which integrates many materials, audiovisual aids, con-
texts for student learning, and methods of teacher behavior, is an
effective instructional system and a step toward the ideal of an
individualized program of instruction for students in science. One
cautionary note should perhaps be sounded here. Although single
medium and multimedia appear to be effective instructional meth-
ods, the science teacher should be aware of the inquiry goals of
science and not narrow the potential for student inquiry through
the use of restricting media. The media selected, as well as the
teaching style, should correspond with appropriate objectives in
science.

Organization of Content
A well-known researcher proposed that conceptual knowledge

and skills in a discipline form a hierarchy (14). Lower levels of the
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hierarchy must be mastered before higher level skills and knowl-
edge can be attained. This suggests that science content should
be organized in a particular sequence or structure. Inquiry skills in
science can be translated to behaviors or intellectual skills and
organized hierarchically for cumulative learning. Facts, or verbaliz-
able knowledge do not lend themselves to the same cumulative
learning theory, but they can be memorized and retrieved with-
out undo effort.

Research in science in this area has been sparse. One study in
science found that "subjects who received highly structured pro-
gram lessons acquire significantly more science knowledge than
subjects who received lessons low in structure" (2). Similarly, at
another time this researcher expressed the opinion that "decreas-
ing levels of structure in programed lessons induce a related de-
crease in response acquisition" (1).

In a Plant Morphology course on the college level it was
demonstrated that it is indeed possible to operationalize process
skills in science, to arrange these hierarchically, and to individual-
ize science instruction by differentiating between the entering
level skills of students on the basis of this hierarchy (19).

In conclusion, it appears reasonable to assume that the se-
quence and structure in which science is presented to students
will affect how well students learn the material. Science concepts
and inquiry skills may be organized in a multitude of ways for
presentation and may be presented in a wide variety of sequences
for any of the sciences. It is necessary for the individual teacher
to test alternative sequences of concepts and processes and also
alternative methods of presentation in order to arrive at those
which work well with a particular group of students under certain
conditions.

Concept Formation
The psychologist defines a concept as "learning to make a cot n-

mon response to a set of stimuli; that is to say, a group of stimuli
is assigned to a single response category" (17)., In science, observ-
ing, classifying, collecting data, and arranging data are among the
critical laboratory processes which contribute to concept forma-
tion. It is probable that students who know what a concept is,
know what the characteristics of formation are, and are aware of

25

2?' :



the role of laboratory experiences in formation will be able to go
about encoding and decoding information necessary for concept
formation. Hence, teaching students how to form concepts ap-
pears to be as relevant as teaching actual concepts.

Whether through experience in the laboratory or through ver-
bal instruction, concept formation is a searching process. The
student must explore a mass of unordered facts, observations, or
events for similarities and differences and look for those charac-
teristics which permit organization and integration. The teacher
must provide opportunities for this to take place by arranging
conditions so that students vill have the necessary experiences in
the laboratory and the classroom. Concept learning involves deci-
sion-making activities, such as (a) reducing the differences; (b)
finding organizational properties for the information; and (c) vali-
dating the conceptual organization given to data (20). Conse-
quently, concept teaching in science must not be comprised
solely of teacher exposition. Rather, a combination of laboratory
inquiry and in-depth classroom inquiry is necessary. Even though
the instructional situation is "planned," it must be open and fluid.

When teaching concepts in science, the teacher should attempt
to employ a number of different approaches to the concept and
provide examples and experiences which are not context-bound.
For example, diffusion and osmosis could be considered in a vari-
ety of living systems. But diffusion also can be exemplified in
several other contexts, such as the diffusion of gases. If the con-
text within which a concept is acquired is not varied, it is likely
that students will consider the concept bound by the parameters
of the single context in which it was learned, as might be the case
if diffusion was presented solely as the movement of a gas in a
room. If other contexts are not provided, this conception
becomes the only concept formed. Carefully selected experi-
ments, demonstrations, readings, illustrations, and examples all
contribute to releasing a concept from one context. For this rea-
son, multimedia systems can play a great role during concept
formation. In the laboratory, students should be encouraged to
try other experiments related to the one conducted and to use
their reading as a guide to the processing of data. Frequently,
audiovisual aids, such as single topic films, transparencies, and
slides, provide an opportunity to shape responses and to vary the
amount and kind of data. The pacing during concept formation is
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critical, since rapid pacing may result in premz.ure decisions re-
garding the nature of the concept or the extent to which the
concept can be generalized.

In the main, simple concepts have been found to be formed
more efficiently through the presentation of positive instances.
Negative examples have been found to be less efficient, unless
the student has been specifically prepared to use this type of
information. Similarly, concept formation seems to be expedited
if the teacher clearly defines what is to be the student's role and
what he is expected to be able to do or say at the end of the
session. The difficulty of concept formation is increased if the
number of relevant characteristics of an object or event is in-
creased. As the information load required to form a concept in-
creases, the difficulty of formation increases. Hence, it is

imperative that teachers at least modulate the amount, type, and
context of information at any one time.

Concepts and conceptual schemes are the backbone of any
scientific discipline. They provide a means for educators and
scientists to organize the growing knowledge in science into more
manageable parts. Once a concept is mastered, it permits the
learner to acquire and incorporate new knowledge into the estab-
lished conceptual structure. Laboratory activities contribute to a
growing structure of knowledge comprised of concepts. By their
very nature, concepts facilitate an economy of thought and re-
lease the learner from a dependence upon the remembering of
discrete percepts. For these reasons, it is imperative that instruc-
tion in science place a heavy emphasis on concept formation.

SCIENTIFIC SKILL DEVELOPMENT

Among the skills students should acquire as a result of science
instruction are inquiry or process skills. A method frequently ad-
vocated for acquiring these skills is variously referred to as in-
quiry, discovery, or problem-solving teaching strategies. On the
one hand, we might think of the scientific processes as being part
of the content of science. But, on the other hand, they are also
proposed as methods to facilitate learning of this content. In
keeping with earlier discussions, these skills will be considered
here as objectives of science teaching and tasks for science stu-
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dents to learn, rather than as teaching or learning styles. This
position is in agreement with the argument "that it is somewhat
unrealistic to expect that subject matter content (in science) can
be acquired incidentally as a by-product of problem solving or
discovery experience ... rather, the development of problem
solving ability is a legitimate and significant educational objective
in its own right. The principal function of the laboratory is not to
transmit subject-matter content or to demonstrate principles of
science on an audiovisual basis, but to teach the scientific
method" (4).

Given, then, that inquiry is an objective of instruction, how do
we foster it? A body of psychological research on problem solving
has some bearing on this (18). The research indicates that during
thinking activities, such as problem solving or inquiry, the learner
is not tied to a particular fixed set of stimuli, but is called upon
to rearrange or reorganize stimuli to correspond with a given
situation. The learner then must be taught to look upon these
experiences as an opportunity to utilize or apply concepts learned
in class and procedures previously learned in laboratory. A critical
factor in attacking a problem of any type is defining the problem.
Teachers can be helpful here by providing examples of similar
problems, by helping students collect their thoughts, or by a lim-
ited amount of prompting. Since thinking and problem solving
take place through the use of rules or principles which are built
up from previously learned concepts, it is thought that students
can be taught to function independently, recalling their inquiry
strategies. It is important for the science teacher to be aware
during laboratory sessions that there are many types of inquiry or
problem-solving products; consequently,. there are many types of
inquiry conditions and approaches. For instance, a student is likely
to use a more structured approach to establish a "limiting factor"
in a biological system, but a very much more open or fluid ap-
proach to the analysis and evaluation of inquiry or problem-solv-
ing methods. Hence, the door must be left open to a wide range
of student behavior.

An outcome of problem solving is the development of models
for future problem-solving strategies when the problems are simi-
lar or have similar components. For instance, the learner solves a
problem by applying a combination of rules which form higher
order principles. Eventually these principles may be generalized at
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a number of levels to a variety of similar problems. In science
courses, then, a major focus ,,hould be on the education of stu-
dents in the prerequisite concept:- and conceptual sequences,
along with major generalizations the application.of which will be
useful when the student confronts new laboratory problems.

THE EVALUATION OF LEARNING

This entire booklet has been devoted to the proposition that it
is possible to describe in terms of specific behavior teaching and
learning in science. If this is the case, more efficient evaluation
should follow. More efficient evaluation suggests the following
types of activities.

For the evaluation of both teacher and student performance,
start by specifying expected outcomes in terms of observable
performance. Establish through objectives minimum levels of per-
formance. Try to specify expectations for both the classroom and
the laboratory, with an emphasis on conceptual and skill develop-
ment which corresponds with the nature of science. Design in-
structional systems for classroom and laboratory which increase
the probability of achieving anticipated outcomes. And, finally,
use the feedback from instruction to modify future instruction.
Constantly guard against becoming so structured and specific that
important inquiry objectives in science are neglected or negated.

SELECTED REFERENCES

1. Anderson, 0. R. "The Effects of Varying Structure in Science Content
on the Acquisition of Science Knowledge." Journal of Research in
Science Teaching 5: 361-64; 1967-68.

2. Anderson, 0. R. "The Strength and Order of Responses on a Se-
quence as Related to the Degree of Structure in Stimuli." Journal
of Research in Science Teaching 4: 289-91; 1966.

3. Atkin, J. Myron. "Behavioral Objectives in Curriculum Design."
Science Teacher 35: 27-30; May 1968.

4. Ausubel, David P. "An Evaluation of the Conceptual Schemes Ap-
proach to Science Curriculum Development." Journal of Research
in Science Teaching 3: 255-64; 1965.

29

31



5. Ausubel, David P. "The Use of Advance Organizers in the Learning
and Retention of Meaningful Verbal Material." journal of Educa-
tional Psychology 51: 267-72; October 1960.

6. Ausubel, David P., and Fitzgerald, Donald. "The Role of Discrimina-
bility in Meaningful Verbal Learning and Retention." journal of
Educational Psychology 52: 266-74; 1961.

7. Bakker, G. R.; Benfry, 0. T.; and Stratton, W. J. "Programming as
an Aid to Effective Chemistry Teaching." journal of Chemical Edu-
cation 40: 18-21; January 1963.

8. Barnes, Lehman W., Jr. "The Development of a Student Checklist
To Determine Laboratory Practices in High School Biology." Re-
search and Curriculum Development in Science Education. A
monograph. (Edited by Addison E. Lee.) University of Texas at Aus-
tin, 1968.

9. Bingman, Richard M., editor. Inquiry Objectives in the Teaching
of Biology. Mid-Continent Regional Education Laboratory, Kansas
City, Missouri, and Biological Science Curriculum Study, Boulder,
Colorado, September 1969.

10. Boeck, Clarence H. "The Inductive-Deductive Compared to the
Deductive-Descriptive Approach to Laboratory Instruction in High
School Chemistry " journal of Experimental Education 19: 247-
53; March 1951.

11. Coladarci, Arthur P. "The Teacher as Hypothesis-Maker." Cali-
fornia journal for Instructional Improvement 2: 3-6; March 1959.

12. Covington, Martin V. "Promoting Creative Thinking in the Class-
room." journal of Experimei;tal Education 37: 22-30; Fall 1968.

13. Cronbach, Lee J. "How Can Instruction Be Adapted to Individual
Differences?" Learning and Individual Differences. (Edited by Rob-
ert M. Gagne.) Columbus, Ohio: Charles E. Merrill Books, 1967.

14. Gagne, Robert M. "The Acquisition of Knowledge." Psychological
Review 69: 355-65; 1962.

15. Gagne, Robert M. "Learning Hierarchies." Presidential Address,
Division 15. Washington, D.C.: American Psychological Associa-
tion, August 31, 1968.

16. Giddings, Morsley G. "Science Education and the Disadvantaged:
Adapting Curriculum Reform to the Special Requirements of the
Disadvantaged." Science Education 50: 206-212; April 1966.

17. Glaser, Robert. "Concept Learning and Concept Teaching." Learn-
ing Research and School Subjects. Phi Delta Kappa Symposium on
Education Research. (Edited by Robert M. Gagne.) Itasca, Ill.: F. E.

Peacock Publishers, 1968.
18. Glaser, Robert. Learning. Pittsburgh, Pa.: University of Pittsburgh

Learning Research and Development Center, February 1968.

30

32



19. Hoshaw, Robert W.; Kurtz, Edwin B., Jr.; and Ferko, Francis A.
"Plant Morphology ... A Process Approach." CUEBS News 5: 1-3;
1969.

20. Hurd, Paul De Hart. New Directions in Teaching Secondary
School Science. Chicago: Rand McNally and Co., 1969.

21. Johns, Kenneth W. "A Comparison of Two Methods of Teaching
Eighth Grade General Science Traditional and Structured Problem
Solving." Ann Arbor, Midi.: University Microfilms, 1963.

22. Kaiser, Bruce A. "Development of a Teacher Observation Instru-
ment Consistent with the Chemical Education Materials Study." A
dissertation in preparation. Stanford, Calif.: Stanford University.

23. Kleinman, Gladys S. "Teacher's Questions and Student Understand-
ing of Science." Journal of Research in Science Teaching 3: 307-
317; 1965.

24. Kochendorfer, L. H. "Classroom Practices of High School Teachers
Using Different Curriculum Materials." Research and Curriculum
Development in Science Teaching. A monograph. (Edited by Addi-
son E. Lee.) University of Texas at Austin, 1968.

25. Kochendorfer, L. H. "A Comparative Study of the Classroom Prac-
tices and Teaching Rationale of High School Biology Teachers."
Unpublished doctoral dissertation. University of Texas at Austin,
1966.

26. Kochendorfer, L. H. "The Development of a Student Checklist To
Determine Classroom Teaching Practices in High School Biology."
Research and Curriculum Development in Science Education. A
monograph. (Edited by Addison. E. Lee.) University of Texas at Aus-
tin, 1968.

27. Koran, John J., Jr. "An Examination of Flexible Scheduling and Its
Implications for Selected Secondary School Teachers of BSCS
Biology in California." Unpublished master's thesis. Redlands, Calif.:
University of iZedlands, 1964.

28. Koran, John 1., Jr.; Montague, Earl J.; and Hall, Gene E. "How To
... Use Behavioral Objectives in Science Instruction." Washington,
D.C.: National Science Teachers Association, 1969.

29. LaShier, William S., Jr. "An Analysis of Certain Aspects of the Verbal
Behavior of Student Teachers of Eighth-Grade Students Participat-
ing in a BSCS Laboratory Block." Research and Curriculum Devel-
opment in Science Education. A monograph. (Edited by Addison
E. Lee.) University of Texas at Austin, 1968.

30. Lawson, Chester A. "Construction and Evaluation of Programed
Materials in Biology." American Biology Teacher 25: 209-211;
March 1963.

31. Lumsdaine, A. A. "Instruments and Media of Instruction." Hand-

31

33



book of Research on Teaching. (Edited by N. L. Gage.) Washing-
ton, D.C.: American Educational Research Association, 1963.

32. Lysaught, Jerome P. "A Science of Learning for the Learning of
Science." American Biology Teacher 28: 783-87; December 1966.

33. Mager, R. F., and McCann, J. "Learner Controlled Instruction." Palo
Alto, Calif.: Varian Associates, 1962.

34. Montean, John J.; Schmitt, A.; and Joslin, Paul H. Team Teaching
in High School: An Experimental Evaluation. Rochester, N.Y.:
Consortium Press, 1969.

35. National Science Teachers Association. Behavioral Objectives in
the Affective Domain. Washington, D.C.: the Association, 1969.

36. National Science Teichers Association. Plann'ng for Excellence in
High School Science. Washington, D.C.: the Association, 1961.

37. National Science Teachers Association. Steps Towards Scientific
Literacy. A Report of College-Level Conferences on Science for
Nonscience Majors. Washington, D.C.: the Association, 1968.

38. Pella, Milton 0. "Concept Learning in Science." Science Teacher
33: 31-34; December 1966.

39. Pella, Milton 0., and Poulas, Chris. "A Study of Team Teaching in
High School Biology." Journal of Research in Science Teaching 1:
232-40; 1963.

40. Pella, Milton 0., and Sherman, Jack. "A Comparison of Two Meth-
ods of Utilizing Laboratory Activities in Teaching the Course IPS."
School Science and Mathematics 69: 303-314; April 1969.

41. Popham, James W. "Probing the Validity of Arguments Against
Behavioral Goals." A symposium presented at the annual meeting.
Chicago: American Educational Research Association, February
1968.

42. Postlethwait, S. N.; Novak, J.; and Murray, H. T., Jr. "The Audio-
Tutorial Approach to Learning." Minneapolis: Burgess Publishing
Co., 1969.

43. Powell, Virginia P. "Programed Instruction in High School Chemis-
try." Journal of Chemical Education 40: 23-24; January 1963.

44. Raven, B. H. "The Dynamics of Groups." Review of Educational
Research 29: 332-43; October 1959.

45. Riessman, Frank. "Strategy of Style." Teachers College Record 65:
484-89; March 1964.

46. Rutherford, F. James. "Flexibility and Variety in Physics." Physics
Teacher 5: 215-21; May 1967.

47. Schuck, Robert F. "The Effects of Set Induction upon Pupil
Achievement, Retention, and Assessment of Effective Teaching in a

32

34:.



Unit on Respiration in BSCS Curricula." Educational Leadership 26:
785-93; May 1969.

48. Schuck, Robert F. "An Investigation To Determine the Effects of Set
Induction upon the Achievement of Ninth Grade Pupils and Their
Perceptions of Teacher Effectiveness in a Unit on Respiration in the
BSCS Curricula." Ed.D. dissertation. Tempe: Arizona State Univer-
sity, 1967.

49. Schwab, Joseph J. "The Concept of Structure in the Subject Fields."
A paper presented at the 20th annual meeting. Washington D.C.:
Council on Cooperation in Teacher Education, 1961.

50. Smith, John P. "The Development of a Classroom Observation In-
strument Relevant to the Earth Science Curriculum Project." Un-
published doctoral dissertation. Stanford, Calif.: Stanford University,
1969.

51. Smith, M. Daniel; Schagin, Morton L.; and Poorman, Eugene L.
"The Multi-Media System Study of Harvard Project Physics."
School Science and Mathematics 68: 95-102; February 1968.

52. Vitrogen, David. "Characteristics of a Generalized Attitude Toward
Science." School Science and Mathematics 69: 150-58; February
1969.

53. Watson, Fletcher G. "Research on Teaching Science." Handbook
of Research on Teaching. (Edited by N. L. Gage.) Washington,
D.C.: American Educational Research Association, 1963.

54. Wittrock, M. C. "Set Applied to Student Teaching." Journal of
Educational Psychology 53: 175-80; August 1962.

55. Yager, Robert E., and Wich, John W. "Three Emphases in Teaching
BiologyA Statistical Comparison of Results." Journal of Research
in Science Teaching 4: 16-20; 1966.

56. Yager, Robert E.; Engel., Harold B.; and Snider, Bill C. F. "Eilects of
Laboratory and Demonstration Methods upon the Outcome of In-
struction in Secondary Biology." Journal of Research in Science
Teaching 6: 76-86; 1969.

33

35



0 CC
W<

W<
W <

U)


